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I. Iniroduct Ion 


The purpose of tltc SkyJ.ah Cloud J’liyuics InvesLi jjntion waa to ukhcks 
tho feasibility of Inferring certain cloud physical properties by roiiioteiy 
sensing reflected sunilglit in selected spectral Intervals. These proper- 
ties are; cloud fop pressure level, thermodynamic phase of the cloud 
particles, optical tltickness , a particle size parameter, and the density 
of the particles. The spectral intervals oiriginaily proposed wore in 
nnJ just out of the oxyp,en A band at 763.0 and 756.0 nm respectively; 
in and just out of 2.0 pm CO^ band at 2.06 and 2.12 pm respectively; 
and 1.61 pm. The particular functions of tlie channels are summarized 
in Table 1 . 

Table 1 


S uitmiary of Technique to D o termine Cl ou d Physical harameters 


P arameter 
Optical Tlilckncss 

Thermodynamic Pliase 

Particle Size 


Techn ique. 

Reflectance at 0.756 pm with theoretical reia- 
tionship 

Reflectance atio I (1.61)/l (2.125) as compared 
to theory 

Reflectance ratio I (0.756)/l (2.125) as compared 
to theory 


Cloud Top Altitude Agreement in matching 0.763 pm altitude and 2.06 

pm altitude with theory 

Particle Density Agreement in comparison of 0,763 pm and 2.06 pm 

altitude determination, optical thickness, 
and particle .size data 



II. Tranamittimcc 


TranBinittnnce is a key parameter In dotermlnlnB cloud top pres- 
sure level. The carbon dioxide (2.0 pm) transmittance serves as a 
correction for cloud penetration for the oxygen transmittances . 

A. Theoretical Results 
1. 0^ Transmittance 

Transmission calculations for the oxygen A band wore performed in 
two different ways. Linc-by-line calculations were performed using line 
parameters derived by Burch and Cryvnak L'J . Tlie spectral bandwidth of 
the S191 radiometer in the A band region was such Chat the frequencies 
of interest overlapped Itito the .74 itm H 2 O band. To investigate these 
effects, a copy of the howtran 2 1^1 computer code was obtained. 

Figures 1, 2, and 3 illustrate one of the problems associated with 
analyzing the S191 data, namely spectral resolution. The spectral reso- 
lution of the S191 in the A band region was about 20 nm. The term 
sec 0 + sec (fi is the sum of seconts of the solar zenith angle and radio- 


meter nadir angle in the plane of tlic sun, satellite, and reflecting 

A - Xq 

surface. A triangular instrument response function, I, 

was assumed for these calculations. 

Assume that we are trying to determine the pressure level of a 
cloud top. Assume that t!ie cloud top is actually at 900 mb and that an 
error of 0.01 is made in the determination of the transmittance. For 
AX = 20 nm and sec 0 + sec i|> “ 2, this is an error of i?0 mb. For AX = 

5 nm tlie error is onlv +30 mb. Figure 2 bows errors of a similar 
magnitude. Figure 3 sliows the "reference'’ channel 754.0 nm for the 
spectral resolution of the S191. As can be noted the reference or out- 
of-band channel is now sufficiently wide that it overlaps into the oxygen 
absorption band on one side and a water vapor absorption band on the other. 




ncURK 1 THIS FiaiRV; snows TRANSMTTTANCI'; AS I’llNCTJON OF FRFSSURK FOR TWO FILTER 
IIAUVIDTIIS, 5 NM AND 20 MM. 20 NM IS THE RESOLUTION OF THE S-191. SEC 0 + 

SEC 4^ " 2 IS THE AIR MASS. 


REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 







FICUUR 3 THIS FTCimF, SHOWS Ti!ANSMITTANCK A!'. A I'UNCTIOM Ol' I’UKSSUUF. 1‘OR THE 
REI'T.UKNCE WAVEI.ENCTll , 754 NM. Till': Sl'ECTIlAE 11A[,1--WLI)T1I IS ?.0 HM, THE KI'SOI.UTION 
OF T1!E S-191. 


reproducibility of the 
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In the .S19I datn for Jnrmnry 12, 197/*, it wns noted tiiat the 
Intcnaity on the long wavedength side of the A band wos greater 
than that on the short wavelength side, lliis will be explained 
in greater detail in the experimental results seetion. The Lowtran 
2 program was used to investigate tills effect as it contains 
data for other atmospheric gases and aerosol models. Using a mid-latitude 
winter model atmosphere with an aerosol distribution that corresponds to 
a visibility of 23 km^ traasmittances were calculated between 833.3 nin 
(12,000 cm and 709.2 nm (1A,000 cm in increments of 5 cm ^ . (The 
Lowtran 2 program actually is parametcrixed in wavenumbers.) Tlie triangular 
instrument response function was used. Tlie transmittanccs and instrument 
response function were convol.ved witli tlic solar irradiance spectrum £^3^ to 
give irradiance values for solar zenith angles of 6C° and 80*^ for heights of 
0 and 5 km in the atiMOBidiure. The results of these cnlculationb are pre- 
sented in Table 2. is the wavelength of the relative maximum and the 
sliort wave wavelengtli side of the A band and is the relative maximum on 
the long wavelength side of tlie A band. 0 = solar zenith angle. 

Table 2 


0 Itm 


e = 60 


0 = 80 


Aj^ = 7A0.7 nm, A^ “ 786.2 


KA2) 


l.O/iO 


Aj^ “ 1 .8 nm, A^ 

1(A.) 

J :L_ = OSS 

KA2) * 

5 km 


= 788.0 nin 


0 = 60 


0 ° 80 


Aj^ = 726.7 nm, A^ 
T(A ) 

wT)- ‘-'oo 


= 78/*. 9 nm 


A- = 727.0 nm, A, 


I(Aj^) 


= 786.5 nm 


1(A.,) 


1.100 


1.047 
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1(A) is the compuLod Irradlanca at wnvali ngtlj A, 

The most notable result of these calculations Is the steadily 
decreasing ir radiance ratio within Increasing air snass. Finally 
(h = 0 km, 0 “ 80°) the ratio becomes less than one, confirming 
the measurements. The otlier Interesting feature Is the shift to 
longer wavelengths of the relative maxiu..'. A careful examiniition of 
the Lowtran results indic.'ites that molecular (Knylolgli) scattering 
and aerosol scattering are about equally important in producing 
those shifts. 

2. 2.0 pm CO 2 Band 

In the spectral intervals of interest, 2.06 1‘.03 pm and 2.12 
i,03 pm, there are about 3000 lines. Miile not all of these are 
strong enough to be considered in atmosplieric absorption calcula- 
tions, there are still too many lines to make linc-by-line calcula- 
tions practicable. Accordingly the Lowtran 2 program was used 
together with an instrument response function and solar Irradiance 
values to compute the expected 1 rradinnees . Tlic mld-latltude 
winter modi I aCmosplicre with an aerosol model corresponding to a 
visibility of 23 km was used. The transmission Is defined as 
T - i ' (§' ' Tf ~ pm) '‘ ^ computed atmospheric irradiance 

value. The results of tliesc calculations are shown in Figure 4. 

B. lixperlmental Results 

1. General Information 

Tlic data to be analyzed were divided into categories by cloud 
type or snow. Measurements of sunliglit reflected from snow fields 


V) 


§3 


Ci 


PRESSURE (mb) 
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1h particularly uaeful in that the presaure level (the eartli'a 
surface) of the rcflectlnf^ uurfocc is relatively easy to infer ond 
there is no penetration problem. Thus the snow serves as a calibra- 
tion point. Snow data were obtained for five days during the SL-A 
mlBslon, January 11, 12, 20, 22, and 2A. 

.\nother useful "calibration" target is the coastal stratus 
tliat occur frequently along the western United States. Their fre- 
quent occurrence, usually very uniform tops, and exten'i: make them 
excellent targets. In addition they arc almost cerUa^r Ly composed 
of liquid water droplets. Data for coastal stratus were obtained 
during the Sb-3 mission on August 8, September 10, and September 15. 

One of the goals of the experiment is to differentiate between 
water and ice clojids. It would therefore be desirable to obtain 
from Hoiuls vdiirh are known to be uniquely one or other. OIrrus 
clouds are almost always composed of ice particles, so that spectra 
taken from cirrus vjould almost certainly be from clouds composed 
of ice particles. Data for cirrus were taken on .Tune 5, December 
1, December 2, and January 18. 

Cloud layers of different heights .ire often associated with 
frontal .‘jystems. An unanswered question about this method of deter- 
mining cloud physical parameters is how is it affected by multi-layer 
clouds. In the hope of answering this question and acquiring in- 
formation about frontal clouds in general, spectra of frontal clouds 
were taken on June 4, June 12, June 13, August 5, August 9, January 


25, and January 31. 
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Another cloud typo of particular Intcroat in thu ciinuil on 
or tluindcrHCorm. Attempts were made to obtain spi’ctra of Cb on 
June /( , June 13, August 5, am' Spetember 12. 

On June 9, and June 10, tnensurenents wore made of a tropical 
depression. 

Hue to the poor qual ity of the DAC i map, or y, the poor quality 
of the radiometric data, and the time constraints on the investipin- 
tlon, it was decided not to do further analysis on the SL-2 
data . 

2. A Band Kesults 

Two methods of analysis for the A band data v^;crc considered 
ond discarded ns Inadequate. Initially it was believed that sampline 
would be done frequently enough that the wavelengtlis of interest, 

.754 and .763 nm could simply be read out and ratioed to give the 
transmlssic . . pon examining the actual data it was found tliat the 

instrument was not sampled at these wavelengths or even tlie same 
wave]cnp,ths every time. Further it was noted tluit the wavelength 
of tlie absorption maxxmum (i.e., the hand center) as determined by 
the JSC supplied wavclenp,th calibration data was significantly 
jifforent from its true position. An analysis of the calibration 
data revealed the two longer wnvelcngtli absorption bands in the BC-36 
Schott glass and the band center of the A band torined nearly a 
straight line. A straight line was fit; by least squares to these 
three points and this line was used as the wavelength calibration 
for the A band region. This is discussed more fully In Sec. IV. 

nTn.T<e,TCK:*urr,nY of thr 

• . , li POOR 
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Sccomlly It was int<*''<JeO tu uhg <, <l(*convoJ ut Jon procotiurc to 
Improve the apP“'*cnt spcetral resolution of the data. However as 
the spectra often do not contain data at .754 and .763 pm the decon~ 
volution procedure could not be used either. 

3. CO 2 Band Results 

Tlie long wavelength data was processed in the following way: 

The raw data (counts) were converted to voltages and then to wave- 
length or radiance by algoritlmB recommended in VJ or ^8^ or described 
elsewhere in this report. The wavelengths of interest are 1.61 pm, 
2.060 pm, and 2.125 pm. Screening criteria for wavelength were 
used to insure appropriate values were obtained, All wavclcngtlis had 
to be within 1.003 pm of the specified wavelengths. The wave- 
length closest to the wavelength of interest was chosen and in the 
event of a tie (i.e., if samples were found at both +.001 pin and 
-.001 pm), then the long wavelength value would be chosen. Tiie 
ratio of the radiance at 1.61 pm to the 1 Tciiance at 2.125 pm was 
computed as was the ratio of the radiance of 2.06 pm to that at 
2.125 pm. As each spectrum is Identified by time, tlie program per- 
mitted averaging between two specified times. Mean values and 
standard e'ivlations were computed for all radiances, wavelengths, 
and ratios. The data are presented by target type (i.e., snow, 

Cl, etc.), a particular day, and in some instances articular 
day is subdivided into ranges of air mass. 
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Snow Data 


January II 


1(2.125) 


R e. li- "* — --■■ - = 3.553 
1(2.125) ■ 


The nlr mass ranged from 3.55 to 3.44 

January 12 

T «= .354 ±.068 R = 3.602 +.568 

The air .ass ranged from 3.57 to 3.39 

January 20 

T = .573 ±.161 R = 3.045 ±.451 


The air mass ranged from 4.30 to 4.18 
T = .527 ±.127 R « 2.128 ±.527 

The air mass ranged from 4.16 to 4.11 

January 22 

T = .308 ±.058 R = 3.320 ±.285 

The air mas.s ranged from 3.C8 to 3.55 
' ■= .324 ±.045 R = 3.300 ±.356 

The air mass ranged from 3.55 to 3.39 
T = .337 ±.072 R = 3.378 ±.281 

The air mass ranged from 3.36 to 3.26 
T = .349 ±.078 R = 3.442 ±.256 

The air mass ranged . tom 3.25 to 3.24 

January 24 

T = .402 ±.144 R ■= 3.336 ±.747 


J.C.C air mass ranged from 3.76 to 3.73 
T = .428 ±.150 R = 3.160 ±.605 

The air mass ranged from 3.73 to 3.72 


.423 


T = .352 ±.060 


13 - 

R - 3.657 ±.379 


The nir mass ranged from 3.52 to 3.60 
1 “ .378 ±.086 R « 3.566 ±.626 

The air mass ranged from 3.36 to 3.23 

Coastal Stratus Data 
August 8 

T = .576 ±.068 R = 3.681 ±.220 

The air mass ranged from 3.37 to 3.17 

September 10 

T = .636 ±.027 R B 3.598 ±.158 

No DAC data were taken during this pass, however the estimated range of 
the air mass was from 2.5 to 2.1. 

September 15 

T - .668 ±.026 R - 2.805 ±.128 

The air mass ranged from 2.66 to 2.65 
T = .655 ±.036 R = 3.162 ±.201 

The air mass ranged from 2.65 to 2.27 

Cirrus Data 
December 1 

S/C ephemeris data were not available so that .analysis of this day's 
spectra were not performed 

December 2 

T . 780 ±.065 R = 3.208 ±.371 

The air mass ranged from 3 . 6 ^ to 3.66 
T *= .780 ±.066 R = 3.238 ±.698 

The air mass ranged from 3.66 to 3.37 




Cuiiiri’Y 
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January 18 

T “ .454 +,.089 R » 3.173 +.841 

The air mas.'j rnn};etl from 3.84 to 3.82 

Frontal Clouds 
Auguct 5 

Not analyzed 


T •= .515 +.150 

..le air mass ranged from 

T - .632 +.053 

The air mass ranged from 

T = .625 ±.062 

The air mass ranged Irom 

T = .525 +. 123 

The air mass ranged from 


August 9 

K *= 3.111 +.661 
.16 to 2.94 
January 25 

R = 3.435 +.641 
.86 to 2.78 

R = 3.297 +.549 
. /8 to 2, / i 

R = 3.105 +.876 
.70 to 2.65 
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IIT. Scatter Inn Calculat: lun.s aiut Cloud Motlols 

A. Cloud Models 

Both water and Icc cloudn wore ausumod to have Causaian particle 
hIj'.c distributions. l-‘or tlio litpiid water clouds particles sizes of 
1-20 urn were afisuiiiod, with 1 and 20 imi liuinp cut-off limits. The cal- 
culations wore performed In increments of 1 ptn. Mean radii of A, 8, 

12, and 16 pm were assumed as were standard devintlomi of 0.5, 1.0, and 
2.0 pm. Tor the ice clouds the particles were represented as equivalent 
spheres of radii of 10-100 pm in increments of 10 pm. Moan radii of 
30, 50, and 70 pm were assumed as were standard deviations of 5, 10, 
and 15 pm. 

B. Sentterinp, Calculations 

The calculations were performed usinp, teehn Iqiics dese ir i hed in 
The calculations use indices of reh action tierlved front Irvine and I’oilaek 

■J. 

Tlic incllees of refraction are vised to cc.m|Hite a Mie scattering 
function for a spherical droplet. Tlie drop size dlstr Ihiition is comlvlnevl with 
the slnplo particle scatterlii}]; function to yield a phase function for 
sinj’le scattering layer. By a layer iloublin}’ teclmlciue, the scat terinp, 
properties of thicker iayi'’rs may he computed. Computations v^rerc performed for 
vjavclcnpths of .76 pm, 1.61 pm, 2.06 pm, and 2.12 pm. The computations 
inclucied a range of albedoes whieli can lie related to absorption taking 
place in the cloud layer. Tlie range of values Is given in Table 3. 
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Table 3 


Wavelength 

.76 pm 

1.61 

am 

2.06 pm 

2.12 

pm 

Albedo (water) 

0.9, 1.0 

.95, 
1 .00 

. 975, 

.95, .975. 

I.OO 

.9.5, 

1.00 

.975, 

Albedo (ice) 

0.1, 0.2, 
0.3, 0./i 

.80, 

.90, 

.85, 

.95 

.95, .975, 
1.00, 0.2, 
O./i, 0.6, 
0.8 

.75, 

.85, 

.80. 

.90 

Tilt! computations 

are for ten 

discrete 

sohir 

Incidence and 

SJitel 1 Ite 


viewini; angles \<fho»e (‘oaliiea ranji.e f rfim 0.05 to 0.95 itt Increment!! 

O.l. Thlr. t’.enc'raten a 10 x 10 ijcauterinr, matrix. 

C. Kein'eaentative Calculations 

As t!ie precod 1 tip, dlMcnsision liulicates .a treinendoii!! number of 
scat turinp, matrices \cere computed. It would be probibillve to repnv 
ducc all. of tliese nuttrlces for ibis report but repro'U'ntat 1 ve rcsnlta 
will bo pivcn. 

Uatlos of the. o\it-of-band channcljs are also of Interest to this In- 
vest Itvi Lion . They !ire: SC.VfO/^iC-- • 12) , S (. V6)/S( 1 • f>l ) , aiul H ( 1 . 0 1 ) /b (.1. 1 2) , 

S “ scatterinp, matrix. Tlie rat io, S(l .bl)/S(2. 12) , Vv'a,s to determine 

the thermodynamic phaiie of the c.loud particles. As c.'in l)e seen from 

Flpure 5 , tlieorotically there Is an adecpiiite .separ.'it Ion , however, 
experimental data presented In Section V Indicate there Is not suffi- 
cient resolntlon to reliably differentiate between water and Ice 
clouds. Tlie ratio, S( . 7b) /S ( 1 . 0 1 ) , Is currently eonsldercd a better 
choice to j>lvc rills Information. Uc.snlti! for this ratio .ire pLven 
In Klppiro (i . 


FIGURE 5. THE RATIO, S(l.61)/S(2. 12) , IS SHOWN AS A FUNCTION OF 
OPTICAL THICKNESS FOR WATER AND ICE CLOUDS. _EOR THE WATER CLOUD, 
r 4 yu axid s 0.5 list. FOR THE ICE CLOUD r = 30 ytn AND o ^ 5 pm 



0*01 
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The particle aizc paramccer lt> to be inferred from the ratio, 

S( t 76)/S(2. 12) . Figure 7 xi Bhown results for two size dlntrlbution 
of liquid water drop size diutributions and Figure 7 b shows results 
for two ice cloud distributions. 

The computations were c.-irried out for a wide range parameter as 
indicated in Table 3 and in Sec. III. A, For the water droplet clouds, 
mean radii of 4 and 16 pm ond standard deviations of 0.5 and 2 pm were 
clioscn. These values represent extremes in tJie size distributions. 

For the water clouds an albedo of 1 was chosen for all wavelengths. 

This is the maximum theoretical value as determined from tlie absorp- 
tion properties of water. 

For ice clouds, mean radii of 30 pm and 70 pm and standard devia- 
tions of 5 and 15 pm were used. These values represent extremes In 
ice cloud models used. For the ice clouds the nmvlmum thcnrnric»l 
albedo also was used for all wavelengths. For ,76 iim this albedo 
value is 1,0; for 1.61 pm it is .95; and for 2.12 pm it is .90. 

In all cases the calculations are for solar incidence and satellite 
viewing anglen \d»ose cosines are .95 (i.e,, 18®). 







FIGURE 7b. THE RATIO S{.76)/S(2.12) IS SEOMN AS A FUNCTIOS OF 
OFTICtt THICS25ESS FOR r.*0 ICE a.OUbC. TEE SIZE DISTRIBUTIONS 
ARE: T *• 30 un, o = 5 iia AND r =• 70 im, a = 15 m. 



/ 


0*02 
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XV Bnckp,rountl Dat a 

At Spacecraft Measurementn 

An Important part of any measurements program Is an independent 
verification of the parometers being observed. For the Cloud Physics 
Investigation these verifications came from n variety of sou i ces. 

Some verifications were obtained from flights ofNASA-JSC aircraft, 

4 ' 

other verifications were obtained from pilot reports filed with the 
National Weather Service usually by commercial air line pilots, 
other sources were radar observations of thunderstorm tops. National 
Weather Service weather maps, and topographical maps. 

Tables 4 and 5 give the relevant parameters for the SL-3 and 


SL~4 data. 
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B. CnllbrnCloh Kcsults 


Ao indicated in Section II significant difficultlcB were en- 
countered ''ith the wavelength calibration in the A band region '*1 
the spectrum. Our initial treatment of the problem was based on 
data given on p. 3.7-7 of ^7^. This approach was to fit a series 
of three straight lines of the form X = A^ + A^^V tc region between 
.681 )im and .878 ym. Segment I was between .681 and .745 ym; Seg- 
ment 2 was between .745 and .753 ym and Segment 3 was between .753 
and .878 ym. Subsequently it was learned that most of the data given 

7j was interpolated and apparently used 
a quadratic interpolation foraula. The results of this approach 
resulted in the cei\ter of A band being shifted to shorter wavelengths 
by amounts of .01 ym or greater. Since the A band has been extensively 
studied in the laboratory and Its center is known very accurately, 
it was decided to use the A band as a calibration point. Figure 8 
shows a plot of ramp voltage vs wavelength for the three Schott 
glass absorption bands and the oxygen A band. A least squares straight 
line was fit to the two longer wavelength Schott glass bands and 
the center of the A band. The equation for this interval, given in 
JP8*|, is also linear and therefore easily inverted. This equation 
was used between .672 and .744 ym. The least squares equation was 
used between .745 ym and ,874 ym. More precisely we used 

X « A, C + A for 740 ^ C <. 762 
1 o 

where X = wavelength in micrometers 


A » -1.756V . 
o 

A, = 3.2819 X 10 


-3 


C = no. of counts 



BG-36 SCHOTT GLASS 



FICU32 8 THIS FIGURE SHCWS WAVELENGTIi AS A FUJICTIOS OF HAMP VOLTAGE. THE SCHOTT 
CLASS VOLTAGES ARE TAKES FS{M SL-3 CAL-TBRATION DATA. THE A BAND CENTER VOLTAGE 
HAS ALSO DETERMINED FROM DATA TAKES DUIUCNG SL-3. ' 
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and for 763 C 800 

X “ A.C + A 
1 o 

where A “ -1.73655 
o 

Aj = 3.263 X 10“^ 

The equations given in £sjf would be of more value to users If they 
were inverted (i.e., the ramp voltage should be tlie independent 
variable rather t’'an tlic wavel.ongfli) , 

Significant discrepancies were noted between transmittance 
values calculated using tlie Lowtran 2 program and those values de- 
rived from the S-191 measurements. (Compare values given on pps. 

9-11 and Fig. 4.) A number of possibilities have been hypotlioslxed 
and investigated in an attempt to explain the differences. The 
wavelength calibration was among the possibilities considered. This 
was an area of particular concern as no callbratJ.on points beyond 
1.91 pm were used. Parenthetically it should be noted that there 
are a number of absorption features in the atmosphere between 2.4 
and 2.5 pm which could have been used as calibration points. 

Figure 9 illustrates the reason for the concern about wavelength 
calibration. The curve labeled is an intensity curve computed 
from the transmission spectra from Lowtran 2, a triangular instru- 
ment response function of half-width .03 pm, and solar irr.adiance 
spectra. This curve has been normalized to 2.125 pm. The atmosphere 
is a tropical model. Tlie curve labeled is the transmission spectra 
computed from Lowtran 2. Its spectral resolution is .008 pm. The 
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curve Inbeled I is a measured spectrum of coastal stratus taken 
tn 

September 10. It also lias been normalized to 2.125 pm. The shapes 
of tlie spectra seem to suggest that the S-191 spectra arc offset 
by between .01 and .02 pm to the short wavelength side. The S-191 
spectra also seem to show an anomalously steep and long rise after 
the absorption minimum at 2.06 pm. 


PtOUIlE 9 THIS FICURl! SHOWS NOiiMArjZHI) INTHMfilTY AS A FUNCTIOM OP UAVi;UC!«:'l 


I« IS A CAl,CUt,ATi;D ANO NORMAMZHI) VALUH. I,., IS A MI:ASURP.I) VAI.l'i: THAT HAS AI.GO 
IIHHN NORMALIZl'l). Tf, IS A CALCUUTKl) ATMOSi’HHKIO THANSMISSIOM. ITS 
Hi;SOI,UTCON IS .008 iiM. THIi INTKNSmilS HAVt: .03 )iM .Sl’KCTKAI, UI-'IOLUTION. 


Sri-CTRiU. 
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V. Datn Annlysls 

The first impressions of the snow data arc somewhat dlsturblnf’. 

One notes that the measured trnnsmlttances arc slgnl f Icantly lower than 
those predicted in Figure 4. In some cases this difference is a factor 
of tvj. The other point is the large standard deviations encountered. 
These arc typically 20% and greater. While somewhat disappointing 
in themselves, nevertheless explanations of some type are posHlhle, 

Several possible explanations for the anomalously low transmission 
values were investigated and some were discussed in Section IV. The 
best explanation however is that snow has a difference in absorption 
between 2.06 pm and 2.125 um. This difference can be quite significant 
for some kinds of snow £,]. 

The reflectivity of snow is quite high in the visible but decreases 
rapidly for wavelengths greater than i.O pm, reaching a minimum at about 

t. tun. iiiua Liiir Aunui. uiiicii I. >iuu ,i .> • gna^. to noi.ac rctic Icr 

these wavelengths and hence the large variations in transmission 
observed . 


Tliis decrease in reflectance can be exploited however, based on 
the analysis of only a few days data, it appears to be possible to 
differentiate between snow cover and clouds simply by taking the ratio 
I(.754)/l(2. 125) . For example, January 20 (Snow) I ( . 754 ) /l (2 . 125) = 

161 ±63 and September 10 (Coastal Stratu.>^ I ( . 754) /I (2 . 125) = 26.4 ±1.9. 
The large uncertainty in the snov^ ratio is due to the low values of 
1(2. 125). 

Originally it was intended that the ratio I ( 1 . 61 ) /I (2. 1 25) would 
provide discrimination between water and ice clouds and possibly snow 
..over as well. The data obtained during this investigation tend to show 
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this 1b not a viahlo consideration. The two hlghost ratios arc ob- 
tained for the coastal stratus cases of Aiif’iist 8 and September 10, 
which most probably are liquid water droplets. The coastal stratus 
values of September 15 however fall Into the range of cirrus cloud 
ratios. The frontal clouds sliow a range of values and rather wide 
standard deviations. Similarly there is considerable overlap be- 
tween tlie cirrus ratios and the snow ratios. The stiov; ratios tend 
to be higlter but possess large standard deviations. 


- 33 “ 


VI. Summary and CuncluBlonH 

Further an.TlyslH of the short wavelength (l.o., the oxygen A 
band) data is contimilng but It appears unlikely that It will be com- 
pleted In time for Inclusion in this report. 

This investigation has produced a number of positive results. 

As a result of this program a number of new scattering calculatloiiG 
for various models have been performed. An atmospheric transmittance 
program to calculate transmittanccs on a lino-by-line basis was devel- 
oped for the oxygen A band. A copy of the Lowtran 2 program was obtained 
and modified slightly for this investigation's particular requirements. 
Thus a comprehensive set of theoretical "tools" have been acquired and 
can be used to assess the problem. 

U.sefuJ insights into spectral resolution requiremc-nl s , wavelength 
cnliiir.TCion , accuracy and dynamic range needs have been gained uiu Lng 
this investigation. A number of these insights have been gained In 
the process c£ analyzing the S191 data. 

The determination of five parameters associated with clouds 
was the goal of this experiment. These parameters are: (1) cloud 

top pressure altitude, (2) thermodynamic phase, (3) optical thickness, 

(4) a particle size parameter, and (5) particle density. 

Cloud top pressure altitude This parameter was our single most 
important coal. No cloud top pressure altitudes were inferred from 
the S-191 data. The most important reason for this is that no A 
band trnnsmittances were obtained. Due to the wide spectral resolution 



and variable wavclen{>,th sampling no transnilttanccs In the A band region 
were deduced. This is discussed more Cully In Sec. II. B. 2. Trnns- 
mlttanccB which were nnomoulously lovr were deduced In the 2.0 pm 
CO 2 obsorption band. Tliere are also wavelength cnllbrutlon uncer- 
tainties In this region. 

Thermodynamic phase Originally the ratio oC I(1.6l)/[(2. 125) was 
to be used to determine the thermodynamic phase. Sufficient results 
were obtained from snow, cirrus, and coastal stratus to Indicate 
this ratio is probably not a reliable indicator of snow, ice particles 
or water droplets. 

Optical thickness The tcchnlf|ne to be used for this was dependent 
on an absolute determination of cloud reflectance at pm. The 

spectral resolution at .754 pm was such that It overlapped into a 
water vapor band and the A band itself. These difficulties coupled 
with the wavelength calibration uncertainties and program time con- 
straints were such that no attempts to infer optical thickness 
were made. No "in situ" measurements of optical thickness were 
made, and estimates from geometrical thickness would be extremely 
crude. 

Particle si?.e No attempt was made to infer a particle size para- 
meter. As can be noted in Figs. 7a and 7b an estimate of the optical 
thickness Is required to make a particle size determination. Tills 
estimate was not available. Also no "in situ" measurements of particle 


size were available. 
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Particle density This 1 q probably the most difficult dctormlnn- 
tion of the five, depending in particular on optical tbickness and 
particle size. No attempts were made to determine particle density 
ond no *'cloud truth" of this parameter was available. 
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